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COMMUNICATION BUS SUITABLE FOR USE IN 
A HAZARDOUS AREA OF A PROCESS PLANT 

TECHNICAL FIELD 

[0001] The present disclosure relates generally to a process plant and, more 
particularly, to a communication bus suitable for use in a hazardous area of a process 
plant. 

DESCRIPTION OF THE RELATED ART 

[0002] In process plants where flammable or combustible materials are present, 
potentially dangerous conditions exist due to the possibility that the flammable 
atmosphere may ignite. These conditions may occur in many industrial environments 
such as, for example, environments involving petroleum and other chemicals, 
flammable gases, combustible dusts, explosive vapors, etc. Standardized 
classifications for the various types of hazardous locations have been adopted and 
assigned by regulatory agencies and organizations according to the nature and type of 
hazard that is generally present or that may occasionally be present. To protect both 
plant personnel and property, precautions should be taken inside these hazardous 
areas to avoid the risk of electrical sparks or excessive heat that may ignite the 
surrounding atmosphere. 

[0003] Protection concepts for process measurement and control in hazardous areas 
are generally known as explosion protection techniques. An electrical device may be 
constructed to be intrinsically safe, which is a popular explosion protection technique. 
An intrinsically safe device is designed so that the electrical energy used and/or 
generated by the device does not exceed predetermined energy limit values at any 
time, so that, in the event of a fault, the maximum amount of energy released by the 
intrinsically safe device is not sufficient to produce a spark capable of causing 
ignition. In addition, the temperature of the device is limited so that the device is 
unable to cause spontaneous ignition. In other words, an intrinsically safe device is a 
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device that cannot cause a spark or achieve a temperature sufficient to ignite the 
surrounding hazardous atmosphere during normal operation as well as operation 
during any fault condition. A number of agencies certify that the power dissipation 
levels, energy storage capabilities, operating temperature, voltage and current 
requirements, etc. of such devices are in accordance with special safety regulations, 
which are defined in intrinsic safety standards. 

[0004] If an electrical device is not intrinsically safe, other methods exist to ensure 
that the device does not serve as a source of ignition. Typically, where a device is not 
intrinsically safe, it may be made safe by housing the entire device (or a portion of the 
device) in an explosion-proof enclosure. An explosion-proof enclosure is one that 
will prevent any explosion that might occur inside the enclosure from causing the 
atmosphere outside the enclosure to ignite. 

[0005] Alternatively, the electrical device may be enclosed in some other type of 
protective enclosure and purged or pressurized with compressed air or an inert gas to 
prevent the external, explosive atmosphere from entering the enclosure. As a result, a 
spark or elevated temperature of the component within the purged enclosure does not 
ignite the hazardous external atmosphere. 

[0006] Typically, busses connect equipment located in a non-hazardous area of the 
process plant (e.g., a control room) to equipment located in an area in which there is a 
danger of explosion (i.e., a hazardous area). Presently, energy-limiting or intrinsic 
safety barriers (e.g., Zener barriers) may be inserted at an interface between the non- 
hazardous and hazardous areas. The energy-limiting barriers limit the electrical 
energy that passes into the hazardous area to safe levels that are unable to cause an 
ignition. As a result, excess energy from possible faults occurring in the non- 
hazardous area may not be passed along the bus to cause a spark inside the explosive 
or otherwise hazardous area of the process plant. Unfortunately, electrically limiting 
the energy may result in distortion of the communication signals being carried by the 
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bus. Moreover, energy-limiting barriers are often difficult and costly to install and 
maintain. 

[0007] Even if equipment is not located in a hazardous area, the interconnecting 
cable or bus may still have to pass through the hazardous area. Although the energy 
in digital signals is small, this small amount of energy is sometimes sufficient to 
produce an explosion-igniting arc or spark if allowed to escape to the hazardous 
atmosphere when, for example, the bus becomes cut, severed, opened, and/or 
disconnected. Therefore, explosion protection techniques related to the bus wiring are 
of extreme importance because of the inherent danger of damage to the wires of the 
bus or other fault condition associated with the bus wiring (e.g., an open circuit), 
resulting in the release of an explosion-igniting spark or arc in the hazardous area. 

SUMMARY OF THE DISCLOSURE 

[0008] A communication bus that is suitable for use in a hazardous area of a 
process plant includes a first transmission path that is adapted to communicate 
electrical signals in a first direction, and a second transmission path that is adapted to 
communicate electrical signals in a second direction. A safety device coupled to each 
of the first and second transmission paths includes a control unit adapted to detect a 
fault condition associated with the communication bus. The safety device further 
includes a switch unit adapted to interrupt the flow of electrical signals along each of 
the first and second transmission paths in response to the detected fault condition. 

[0009] The safety device provides a reliable and inexpensive mechanism for safely 
interrupting the flow of electrical signals along a communication bus located in a 
hazardous area upon the detection of a fault condition associated with the 
communication bus. The safety device eliminates or reduces the need for expensive 
energy-limiting barriers on the communication bus, which are often difficult to install 
and maintain. In addition, by bidirectionally interrupting the flow of electrical signals 
along each of the first and second transmission paths upon the detection of a fault 
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condition associated with the communication bus, the safety device reduces the 
possibility of the occurrence of a spark or arc that could ignite a flammable 
atmosphere in a hazardous area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Fig. 1 is an exemplary block diagram of a typical process plant including a 
communication bus that connects one or more operator workstations and a data 
historian to a process controller and a plurality of field devices; 

[00111 Fig. 2 is an exemplary block diagram of the communication bus including a 
safety device adapted to interrupt the flow of electrical signals in the hazardous area 
upon the detection of a fault condition associated with the communication bus; 

[0012] Fig. 3 is an exemplary block diagram of a process plant having multiple bus 
segments that are connected together via a repeater; and 

[0013] Fig. 4 is a more detailed block diagram of the safety device shown in Fig. 2. 

DETAILED DESCRIPTION 

[0014] Referring now to Fig. 1, a process plant 10 includes a plurality of field 
devices 15-22 connected to a process controller 12 via one or more input/output (I/O) 
devices 26, 28. The process controller 12 may be a distributed control system (DCS) 
type controller such as, for example, a DeltaV™ controller sold by Emerson Process 
Management, or any other type of controller for use in controlling field devices 15-22 
in any conventional or any other desired manner. The process controller 12 is capable 
of implementing a process control routine stored therein and/or capable of 
communicating with control elements such as function blocks located within, for 
example, smart field devices 19-22 distributed throughout the process plant 10. 

[0015] The process controller 12 is communicatively coupled to one or more 
operator workstations 13, 14 via a communication bus 24. The communication bus 
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24 may use any desired or suitable local area network (LAN) or wide area network 
(WAN) protocol to provide communications. Preferably, the communication bus 24 
is an Ethernet-based bus including twisted pair cables. In this case, the 
communication bus 24 includes eight separate wires bundled as four twisted pairs, 
with two of the pairs of the cable being used to provide process control 
communications. The remaining two twisted pairs of cable often are unused. Of 
course, the communication bus 24 may include any other suitable hardwired link such 
as, for example, coaxial cable, a hybrid of twisted pair cable and coaxial cable, etc. 

[0016] The operator workstations 13,14 may be based on a personal computer 
platform or any other suitable processing platform, and may perform a variety of 
known process control, maintenance, and other functions. In addition, the process 
plant 10 may include a data historian 23 that collects process information from the 
process controller 12 and the plurality of field devices 15-22 via the communication 
bus 24. It should be understood that the process plant 10 shown in Fig. 1 is merely 
exemplary in nature, and other types or configurations of process plants 10 can be 
used as well. 

[0017] The plurality of field devices 15-22 may include devices such as, for 
example, sensors, valves, transmitters, positioners, etc. Similarly, the I/O devices 26, 
28 may be any types of I/O devices conforming to any desired communication or 
controller protocol. As shown in Fig. 1, the process controller 12 is communicatively 
coupled to conventional (i.e., non-smart) field devices 15-18 via analog lines 33-36. 
The conventional field devices 15-18 may be standard 4-20 mA analog field devices 
that communicate over the analog lines 33-36 to the I/O device 26. 

[0018] Alternatively, or in addition, the plurality of field devices 15-22 may 
include smart field devices 19-22 that communicate over a digital bus 38 to the I/O 
device 28 using FOUNDATION™ Fieldbus (hereinafter "Fieldbus") protocol 
communications. Generally, the Fieldbus protocol is an all-digital, serial, two-way 
communication protocol that provides a standardized physical interface to a two-wire 
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loop or bus that interconnects smart field devices 19-22 located in an instrumentation 
or process control environment of, for example, a factory or a plant. The Fieldbus 
protocol provides, in effect, a local area network for smart field devices 19-22 within 
the process plant 10 that enables these smart field devices 19-22 to execute one or 
more process control loops either in conjunction with or independently from the 
process controller 12. 

[0019] While the process plant 10 uses the Fieldbus communication protocol to 
provide communications for the smart field devices 19-22, it could use a number of 
standard, open, digital or combined digital and analog communication protocols such 
as the HART®, PROFIBUS®, WORLDFIP®, Device-Net®, AS-Interface, and CAN 
protocols as well. 

[0020] Fig. 2 illustrates one embodiment of a communication bus 24 suitable for 
use in a hazardous area 43 of the process plant 10. As discussed above, the 
communication bus 24 may be an eight-wire bus, organized into four wire pairs. 
Specifically, a first wire pair 25 includes a first transmission line 25a and a second 
transmission line 25b. A second wire pair 27 includes a third transmission line 27a 
and a fourth transmission line 27b. A third wire pair 29 includes a fifth transmission 
line 29a and a sixth transmission line 29b. And a fourth wire pair 37 includes a 
seventh transmission line 37a and an eighth transmission line 37b. 

[0021] As illustrated in Fig. 2, each of the first, second, third, and fourth wire pairs 
25, 27, 29, 37 includes associated male-type connectors 1 1 attached at ends of the 
respective transmission lines 25a,b, 27a,b, 29a,b, 37a,b. Preferably, each of the male- 
type connectors 1 1 is an RJ-45 Ethernet cable connector. However, it should be 
understood that other types of connectors such as, for example, ISDN/LAN 
connectors, and other types of Ethernet connectors besides RJ-45 connectors may be 
used if desired. 
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[0022] The first and second wire pairs 25, 27 communicate signals from the 
operator workstations 13, 14 and/or the data historian 23 to the process controller 12 
and the plurality of field devices 15-22. For example, the process controller 12 and/or 
one or more of the plurality of field devices 15-22 may receive commands from the 
operator workstations 13, 14 via the first and second wire pairs 25, 27. If desired, the 
first and second wire pairs 25, 27 may also be adapted to communicate power from a 
power supply (not shown) to the process controller 12 and the plurality of field 
devices 15-22. In other words, the plurality of field devices 15-22 and the process 
controller 12 may be powered over the same pairs of wires 25, 27 that provide 
communications . 

[0023] Furthermore, the smart field devices 19-22 and the process controller 12 
may communicate signals to the operator workstations 13,14 and/or the data historian 
23 via the first and second wire pairs 25, 27 of the communication bus 24. For 
example, the process controller 12 and/or one or more of the smart field devices 19-22 
may communicate alarm, status, and diagnostic information to the operator 
workstations 13, 14 and/or the data historian 23 via the first and second wire pairs 25, 
27. Still further, the first and second wire pairs 25, 27 may communicate signals from 
the process controller 12 to the plurality of field devices 15-22. 

[0024] The first wire pair 25 is adapted to communicate electrical signals in a first 
direction, indicated by arrow 46, while the second wire pair 27 is adapted to 
communicate electrical signals in a second direction, indicated by arrow 47. As such, 
electrical signals may flow in either the first direction or the second direction 
simultaneously. Typically, the third and fourth wire pairs 29, 37 of the twisted pair 
cable are unused. Therefore, electrical signals typically do not flow along the third 
and fourth wire pairs 29, 37. 

[0025] In some process plants 10, it is common for one or more of the plurality of 
field devices 15-22 and/or the process controller 12 to be located in a highly 
combustible hazardous area 43. For example, in a chemical processing plant, a field 
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device may measure and/or control the level of fluid in a storage tank containing 
highly flammable liquid. As such, it may be necessary to communicate electrical 
signals into or out of the hazardous area 43 for measurement and/or control purposes. 
To reduce the risk of electrical sparks, arcing, and/or excessive heat caused by fault 
conditions of the communication bus 24 (e.g., a disconnected, opened, cut, severed, 
and/or otherwise damaged communication bus 24), precautions should be taken to 
reduce the possibility of the communication bus 24 serving as a source of ignition. 

[0026] As illustrated in Fig. 2, the operator workstations 13, 14 and/or power 
supply (not shown) is typically located in a control room 30 in a non-hazardous area 
31 that is free of any flammable materials. The operator workstations 13, 14 and/or 
the power supply (not shown) located in the control room 30 includes female-type 
connectors 2, for example, RJ-45 connectors, configured to receive the male-type 
connectors 1 1 associated with the first and second wire pairs 25, 27 of the 
communication bus 24. The first and second wire pairs 25, 27 may extend from the 
control room 30 located in the non-hazardous area 31 to a device 32 located in the 
hazardous area 43. The device 32 such as, for example, the process controller 12 
and/or one or more of the plurality of field devices 15-22 similarly includes female- 
type connectors 8, for example, RJ-45 connectors, configured to receive the male-type 
connectors 1 1 associated with the first and second wire pairs 25, 27 of the 
communication bus 24. 

[0027] To protect against inadvertent sparks, arcing, and/or excessive heat of the 
communication bus 24 when it is located in the hazardous area 43 under fault 
conditions (e.g., when the communication bus 24 becomes disconnected, severed, cut, 
etc.), a safety device 40, which includes a first switch assembly 42 and a second 
switch assembly 44, may be installed on the communication bus 24. Each of the first 
switch assembly 42 and the second switch assembly 44 may be housed in respective 
blocks (e.g., electrical connection blocks, junction blocks, switch blocks, relay blocks, 
etc.), which may be used to connect the electrical wires of the communication bus 24 
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together. If desired, the blocks may also provide terminations for the wires of the 
communication bus 24. 

[0028] The first switch assembly 42 includes twelve female-type connectors 4, for 
example RJ-45 connectors, configured to receive and hold twelve corresponding 
male-type connectors 1 1 and their associated cables. Similarly, the second switch 
assembly 44 includes twelve female-type connectors 6, for example RJ-45 connectors, 
configured to receive and hold twelve corresponding male-type connectors 1 1 and 
their associated cables. Although the first switch assembly 42 and the second switch 
assembly 44 are illustrated as having twelve connectors each, it should be understood 
that each of the first switch assembly 42 and the second switch assembly 44 may 
include any desired number of female-type connectors. 

[0029] To install the first switch assembly 42, male-type connectors 1 1 associated 
with the first, second, third, and fourth wire pairs 25, 27, 29, 37 are plugged into 
corresponding female-type connectors 4 located at a first side of the first switch 
assembly 42. To complete the installation of the first switch assembly 42, male-type 
connectors 1 1 associated with the first and second wire pairs 25, 27 are plugged into 
corresponding female-type connectors 4 located at a second side of the first switch 
assembly 42. Lastly, male-type connectors 1 1 associated with the first and second 
wire pairs 25, 27 are plugged into corresponding female-type connectors 2 associated 
with the control room 30. 

[0030] Similarly, to install the second switch assembly 44, male-type connectors 1 1 
associated with the first, second, third, and fourth wire pairs 25, 27, 29, 37 are 
plugged into corresponding female-type connectors 6 located at a first side of the 
second switch assembly 44. To complete the installation of the second switch 
assembly 44, male-type connectors 1 1 associated with the first and second wire pairs 
25, 27 are plugged into corresponding female-type connectors 6 located at a second 
side of the second switch assembly 44. Lastly, male-type connectors 1 1 associated 
with the first and second wire pairs 25, 27 are plugged into corresponding female-type 
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connectors 8 associated with the device 32. For example, one or more of the plurality 
of field devices 15-22 and/or the process controller 12 located in the hazardous area 
43 may include female-type connectors 8 embedded therein. 

[0031] Although the first switch assembly 42, the second switch assembly 44, the 
operator workstations 13,14 and/or the power supply located in the control room 30 
are described as having female-type connectors that receive male-type connectors 
associated with the first, second, third, and fourth wire pairs 25, 27, 29, 37, it should 
be understood that each of the first, second, third, and fourth wire pairs 25, 27, 29, 37 
may include female-type connectors adapted to receive male-type connectors 
associated with the first switch assembly 42, the second switch assembly 44, the 
operator workstations 13, 14, and/or the power supply located in the control room 30. 

[0032] As described in more detail below, each of the first and second switch 
assemblies 42, 44 of the safety device 40 includes components adapted to safely 
interrupt the flow of electrical signals in both the first and second wire pairs 25, 27 
upon the detection of a fault condition associated with the communication bus 24 
(e.g., the communication bus 24 becoming unplugged from the first switch assembly 
42 and/or the second switch assembly 44). 

[0033] With reference to Fig. 3, the communication bus 24 may include a hub 
and/or repeater 39 that connects multiple bus sections or bus segments 24a-d together. 
A repeater 39 is often necessary to connect devices when the distance between the 
devices is too great to provide reliable communications. The repeater 39 may operate 
to boost the electrical signals communicated via the multiple bus segments 24a-d. In 
this manner, a fault condition associated with one bus segment does not necessarily 
affect the operation of the other bus segments. As a result, the entire process may not 
have to be shut down in the event of a fault condition associated with only one of the 
bus segments. 
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[0034] Electrical equipment intended for use in a hazardous area 43 should 
conform to safety standards set to reduce the possibility of an explosion. As a result, 
the repeater 39, the plurality of field devices 15-22, the process controller 12, and/or 
the I/O devices 26, 28 may be constructed to be intrinsically safe (or energy-limited) 
when located in the hazardous area 43. Alternatively or in addition, when located in 
the hazardous area 43, the repeater 39, the plurality of field devices 15-22, the process 
controller 12, the I/O devices 26, 28, and/or the first and second switch assemblies 42, 
44 may be housed within one or more explosion-proof enclosures adapted to contain 
any explosion that might erupt inside the enclosure. Still further, when the repeater 
39, the plurality of field devices 15-22, the process controller 12, the I/O devices 26, 
28, and/or the first and second switch assemblies 42, 44 are located in the hazardous 
area 43, each of the devices may be housed within a purged enclosure adapted to 
isolate the explosive air from the air inside the enclosure. 

[0035] Referring now to Fig. 4, the internal operation of the safety device 40 will 
be discussed. As illustrated, the first switch assembly 42 and the second switch 
assembly 44 of the safety device 40 are connected across each of the four wire pairs 
25, 27, 29, 37. The first switch assembly 42 includes a first relay 50 and a second 
relay 52, both of which are controlled by a first control unit 80 coupled to the third 
wire pair 29. Similarly, the second switch assembly 44 includes a third relay 54 and a 
fourth relay 56, both of which are controlled by a second control unit 82 coupled to 
the fourth wire pair 37. 

[0036] Although only two relays are provided in each of the first and second switch 
assemblies 42, 44, it should be understood that the number of relays provided in each 
of the first and second switch assemblies 42, 44 may be increased to provide 
redundant operation. In addition, although the first switch assembly 42 is shown 
located in the non-hazardous area 31, while the second switch assembly 44 is shown 
located in the hazardous area 43, the first and second switch assemblies 42, 44 may be 
located anywhere along the communication bus 24. For example, both the first and 
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second switch assemblies 42, 44 may be located entirely within the hazardous area 43 
of the process plant 10. Alternatively, both the first and second switch assemblies 42, 
44 may be located entirely within the non-hazardous area 31 of the process plant 10. 
As discussed above, the first and second switch assemblies 42, 44 should comply with 
safety standards when they are located in the hazardous area 43. For example, the 
first and second switch assemblies 42, 44 may be housed within explosion-proof or 
purged enclosures when they are located in the hazardous area 43. 

[0037] As illustrated in Fig. 4, the first relay 50 and the third relay 54 are coupled 
to the first wire pair 25, while the second relay 52 and the fourth relay 56 are coupled 
to the second wire pair 27. A first coil 60 controls a first set of contacts 70a, 70b, and 
a second coil 62 controls a second set of contacts 72a, 72b. Alternatively, each 
contact associated with the first set of contacts 70a, 70b and the second set of contacts 
72a, 72b may be controlled individually by respective coils. Still further, one coil 
may control both the first set of contacts 70a, 70b and the second set of contacts 72a, 
72b if desired. 

[0038] Similarly, a third coil 64 controls a third set of contacts 74a, 74b, and a 
fourth coil 66 controls a fourth set of contacts 76a, 76b. However, each contact 
associated with the third set of contacts 74a, 74b and the fourth set of contacts 76a, 
76b may be controlled individually by respective coils, or one coil may control both 
the third set of contacts 74a, 74b and the fourth set of contacts 76a, 76b if desired. 

[0039] In the embodiment illustrated in Fig. 4, the first coil 60 is coupled in parallel 
with the second coil 62, and both the first and second coils 60, 62 are coupled to the 
first control unit 80. In this manner, the first set of contacts 70a, 70b and the second 
set of contacts 72a, 72b are substantially simultaneously controlled by the first control 
unit 80. Similarly, the third coil 64 is coupled in parallel with the fourth coil 66, and 
both the third and fourth coils 64, 66 are coupled to the second control unit 82. In this 
manner, the third set of contacts 74a, 74b and the fourth set of contacts 76a, 76b are 
substantially simultaneously controlled by the second control unit 82. 



- 12- 



PATENT 
06005/38033 

[0040] Preferably, the first, second, third, and fourth sets of contacts 70a,b-76a,b 
are normally-open (NO) contacts. A NO contact is a two-state switch having an 
unenergized normal state in which the contact is open. When current passes through 
the coils 60-66, the respective relays 50-56 change contact states. Therefore, when 
the coils 60-66 are energized, the corresponding NO contact sets 70a,b-76a,b are 
closed. As illustrated in Fig. 4, the first, second, third, and fourth sets of contacts 
70a,b-76a,b include single-pole single-throw switches. However, it should be 
understood that the sets of contacts 70a,b-76a,b may include single-pole double-throw 
switches, double-pole single-throw switches, double-pole double-throw switches, etc. 
if desired. 

[0041] The first control unit 80 includes a first signal source 91 adapted to generate 
an electrical signal, e.g., a low voltage and/or low current signal, that is 
communicated from the first switch assembly 42 to the second switch assembly 44 via 
the unused third wire pair 29. The first control unit 80 also includes a first sensor 93 
adapted to measure an electrical characteristic such as the current, voltage, resistance, 
etc. associated with the third wire pair 29. 

[0042] As illustrated in Fig. 4, the fifth transmission line 29a and the sixth 
transmission line 29b of the third wire pair 29 are connected in loop form. Preferably, 
the first sensor 93 is a current sensor adapted to measure current flow through a first 
resistor (not shown) coupled to the loop-connected third wire pair 29. However, any 
suitable technique may be used for measuring the electrical characteristic associated 
with the third wire pair 29. 

[0043] The first control unit 80 further includes a first comparator 92 having an 
input coupled to the first sensor 93, and operable to receive the measured electrical 
characteristic, e.g., current, associated with the loop-connected third wire pair 29 from 
the first sensor 93. The first comparator 92 compares the measured electrical 
characteristic associated with the loop-connected third wire pair 29 to a 
predetermined, normal operational value. Alternatively, the measured electrical 
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characteristic may be compared to a range of predetermined, normal operational 
values. Because an unusual signal path develops in the loop-connected third wire pair 
29 in the event of a fault condition associated with the communication bus 24 (e.g., 
when the communication bus 24 becomes unplugged from the second switch 
assembly 44), the measured electrical characteristic associated with the third wire pair 
29 may drastically change from the predetermined, normal operational value to a 
reduced or increased value. 

[0044] As an example, if the cable of the communication bus 24 is pulled from the 
second switch assembly 44, or a connector 6 associated with the second switch 
assembly 44, the current flowing along the third wire pair 29 may drop to a reduced 
value, perhaps approaching zero, due to the incomplete current path that develops in 
the loop-connected third wire pair 29 as a result of the open circuit condition. 

[0045] The first control unit 80 further includes a first transistor 90, e.g., a field- 
effect transistor (FET), connected to the output of the first comparator 92 and the 
parallel-connected first and second coils 60, 62. Under normal operating conditions, 
the output of the first comparator 92 is in an active state, thus causing the first 
transistor 90 to be biased in an "on" state in which the first transistor 90 is conducting. 
Specifically, in the "on" state, the first transistor 90 provides driving current to the 
first and second coils 60, 62, thus energizing the first and second coils 60, 62. The 
resultant magnetic field of the energized first coil 60 produces a force that causes the 
first set of contacts 70a, 70b to close, and the resultant magnetic field of the energized 
second coil 62 produces a force that causes the second set of contacts 72a, 72b to 
close. In this manner, a continuous electrical path is provided in both the first and 
second wire pairs 25, 27 so that electrical signals may flow uninterrupted along the 
first and second wire pairs 25, 27. 

[0046] Upon the detection of a change (i.e., a reduction or increase) in the 
measured electrical characteristic associated with the third wire pair 29 from the 
predetermined, normal operational value (or range of predetermined, normal 
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operational values), which may be indicative of a fault condition of the 
communication bus 24, the output of the first comparator 92 changes to an inactive 
state, thus turning "off* the first transistor 90. In the "off 1 state, the first transistor 90 
is no longer conducting current to the first and second coils 60, 62. When current 
ceases to flow in the first coil 60, the first set of contacts 70a, 70b open substantially 
immediately to interrupt the flow of electrical signals in the first wire pair 25. 
Similarly, when current ceases to flow in the second coil 62, the second set of 
contacts 72a, 72b open substantially immediately to interrupt the flow of electrical 
signals in the second wire pair 27. As a result, any sparking or arcing that could 
ignite combustible material in the surrounding atmosphere is reduced or prevented. 

[0047] In a similar manner, the second control unit 82 includes a second signal 
source 94 adapted to generate an electrical signal, e.g., a low voltage and/or low 
current signal, that is communicated from the second switch assembly 44 to the first 
switch assembly 42 via the unused fourth wire pair 37. The second control unit 82 
also includes a second sensor 96 adapted to measure an electrical characteristic, e.g., 
current, voltage, resistance, etc. associated with the fourth wire pair 37. 

[0048] As illustrated in Fig. 4, the seventh transmission line 37a and the eighth 
transmission line 37b of the fourth wire pair 37 are connected in loop form. 
Preferably, the second sensor 96 is a current sensor adapted to measure current flow 
through a second resistor (not shown) coupled to the loop-connected fourth wire pair 
37. However, any suitable technique may be used for measuring the electrical 
characteristic associated with the fourth wire pair 37. 

[0049] The second control unit 82 further includes a second comparator 97 having 
an input coupled to the second sensor 96, and operable to receive the measured 
electrical characteristic, e.g., current, associated with the fourth wire pair 37 from the 
second sensor 96. The second comparator 97 compares the measured electrical 
characteristic associated with the loop-connected fourth wire pair 37 to a 
predetermined, normal operational value. Alternatively, the measured electrical 
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characteristic may be compared to a range of predetermined, normal operational 
values. Because an unusual signal path develops in the loop-connected fourth wire 
pair 37 in the event of a fault condition associated with the communication bus 24 
(e.g., when the communication bus 24 becomes unplugged from the first switch 
assembly 42), the measured electrical characteristic associated with the fourth wire 
pair 37 may drastically change from the predetermined, normal operational value to a 
reduced or increased value. 

[0050] As an example, if the cable of the communication bus 24 is pulled from the 
first switch assembly 42, or a connector 4 associated with the first switch assembly 
42, the current flowing along the fourth wire pair 37 may drop to a reduced value, 
perhaps approaching zero, due to the incomplete current path that develops in the 
loop-connected fourth wire pair 37 as a result of the open circuit condition. 

[0051] The second control unit 82 further includes a second transistor 95, e.g., a 
field-effect transistor (FET), coupled to the output of the second comparator 97 and 
the parallel-connected third and fourth coils 64, 66. Under normal operating 
conditions, the output of the second comparator 97 is in an active state, thus causing 
the second transistor 95 to be biased in an "on" state in which the second transistor 95 
is conducting. Specifically, in the "on" state, the second transistor 95 provides driving 
current to the third and fourth coils 64, 66, thus energizing the third and fourth coils 
64, 66. The resultant magnetic field of the energized third coil 64 produces a force 
that causes the third set of contacts 74a, 74b to close, and the resultant magnetic field 
of the energized fourth coil 66 produces a force that causes the fourth set of contacts 
76a, 76b to close. In this manner, a continuous electrical path is provided in both the 
first and second wire pairs 25, 27 so that electrical signals may flow uninterrupted 
along the first and second wire pairs 25, 27. 

[0052] Upon the detection of a change (i.e., a reduction or increase) in the 
measured electrical characteristic associated with the fourth wire pair 37 from the 
predetermined, normal operational value (or range of predetermined, normal 
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operational values), which may be indicative of a fault condition of the 
communication bus 24, the output of the second comparator 97 changes to an inactive 
state, thus turning "off' the second transistor 95. In the "off 1 state, the second 
transistor 95 is no longer conducting current to the third and fourth coils 64, 66. 
When current ceases to flow in the third coil 64, the third set of contacts 74a, 74b 
open substantially immediately to interrupt the flow of electrical signals in the first 
wire pair 25. Similarly, when current ceases to flow in the fourth coil 66, the fourth 
set of contacts 76a, 76b open substantially immediately to interrupt the flow of 
electrical signals in the second wire pair 27. As a result, any sparking or arcing that 
could ignite combustible material in the surrounding atmosphere is reduced or 
prevented. 

[0053] The types of detected fault conditions may include an open circuit and/or an 
electrical discontinuity caused by, for example, an improperly installed 
communication bus 24, the communication bus 24 becoming unplugged from the first 
switch assembly 42 and/or the second switch assembly 44, the communication bus 24 
having poor connector attachments, a cut, severed, and/or otherwise damaged 
communication bus 24, etc. For example, an installer may improperly attach a 
connector to one or more of the transmission lines 25, 27, 29, 37 when installing the 
wiring and connectors of the communication bus 24 and/or the plurality of bus 
segments 24a-d. In addition, after installation, the communication bus 24 and/or one 
or more of the plurality of bus segments 24a-d may inadvertently become 
disconnected from the first switch assembly 42 and/or the second switch assembly 44 
during operation. Still further, the communication bus 24 may become cut, severed, 
opened, and/or otherwise damaged resulting in an open circuit or electrical 
discontinuity. All of these fault conditions may cause arcing, sparks, and/or excessive 
heat of the communication bus 24 and/or one or more of the plurality of bus segments 
24a-d that could potentially ignite the surrounding atmosphere in the hazardous area 
43, 
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[0054] In operation, when the first comparator 92 of the first control unit 80 detects 
a change (e.g., reduction or increase) in the measured electrical characteristic 
associated with the loop-connected third wire pair 29 from the predetermined, normal 
operational value (or range of predetermined, normal operational values), the first 
comparator 92 causes the first transistor 90 to switch"off." When the first transistor 
90 switches "off," current in the first and second coils 60, 62 ceases to flow. As a 
result, the first set of contacts 70a, 70b and the second set of contacts 72a, 72b open 
substantially simultaneously, thereby bidirectionally interrupting the flow of electrical 
signals in both the first and second wire pairs 25, 27. Interrupting the flow of 
electrical signals in both the first and second wire pairs 25, 27 reduces the possibility 
of the occurrence of a spark or arc that could ignite the flammable atmosphere in the 
hazardous area 43. 

[00551 The second switch assembly 44 operates in a similar manner to that of the 
first switch assembly 42. In particular, when the second comparator 97 of the second 
control unit 82 detects a change (e.g., reduction or increase) in the measured electrical 
characteristic associated with the loop-connected fourth wire pair 37 from the 
predetermined, normal operational value (or range of predetermined, normal 
operational values), the second comparator 97 causes the second transistor 95 to 
switch "off" When the second transistor 95 switches "off," current in the third and 
fourth coils 64, 66 ceases to flow. As a result, the third set of contacts 74a, 74b and 
the fourth set of contacts 76a, 76b open substantially simultaneously, thereby 
bidirectionally interrupting the flow of electrical signals in both the first and second 
wire pairs 25, 27. Interrupting the flow of electrical signals in both the first and 
second wire pairs 25, 27 reduces the possibility of the occurrence of a spark or arc 
that could ignite the flammable atmosphere in the hazardous area 43. 

[0056] It should be understood that both the first and second control units 80, 82 
may detect a fault condition associated with the communication bus 24 at the same 
time, therefore causing the first and second switch assemblies 42, 44 to operate 
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substantially simultaneously to interrupt the flow of electrical signals in the first and 
second wire pairs 25, 27. 

[0057] In addition, although the first and second control units 80, 82 use first and 
second transistors 90, 95 to switch off current to corresponding coils 60-66 in 
response to a change in the measured electrical characteristic from the predetermined, 
normal operational value (or range of predetermined, normal operational values), 
other similar components such as thyristors could be used as well. 

[0058] Furthermore, while the safety device 40 has been described as employing 
electromechanical relays 50-56 to interrupt the flow of electrical signals in the first 
and second wire pairs 25, 27 under fault conditions, reed switches and/or solid state 
devices, etc. are equally applicable. 

[0059] Still further, while the communication bus 24 and bus segments 24a-d have 
been described as having a total of eight separate wires, organized into four wire 
pairs, other configurations are equally applicable. For example, the communication 
bus 24 and/or bus segments 24a-d may include four separate wires. A first wire may 
communicate signals from the operator workstations 13, 14 and/or the data historian 
23 located in the non-hazardous area 31 to the process controller 12 and/or one or 
more field devices 15-22 located in the hazardous area 43. A second wire may 
communicate signals from the process controller 12 and/or one or more smart field 
devices 19-22 located in the hazardous area 43 to the operator workstations 13, 14 
and/or the data historian 23 located in the non-hazardous area 3 1 . The remaining 
third and fourth unused wires may be used to communicate electrical signals 
generated by the first and second signal sources 91, 94 of the first and second control 
units 80, 82, respectively. It should also be understood that the safety device 40 may 
be connected to the communication bus 24, the bus segments 24a-d, the analog lines 
33-36, the digital bus 38, and/or any other communication medium located in a 
hazardous area 43. 
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[0060J While the present disclosure has been described with reference to specific 
examples, which are intended to be illustrative only and not to be limiting of the 
disclosure, it will be apparent to those of ordinary skill in the art that changes, 
additions, or deletions may be made to the disclosed embodiments without departing 
from the spirit and scope of the disclosure. 
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